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(54) Improvements in or relating to the production of animal feed 



(57) A method for selectively enhancing animal feed 
by the addition of feed supplements to raw materials in 
accordance with a determination of the improvement in 
homogeneity of the physioiogical response of animals 
fed with the feedstuff. Batches of raw material for the 
feedstuff which have a nutritional value below a thresh- 
old are supplemented with a feed supplement, whereas 
batches already high in nutritional value are not supple- 



mented. This reduces the variance in nutritional value 
of the feedstuff, and improves homogeneity in the phys- 
iological response of the animals to the feedstuff. The 
nutritional value is measured in terms of the amino acid 
content, and the feed supplement is an enzyme which 
improves the digestibility of the amino acid. 
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Description 

[0001] The present invention relates to the production 
of animal feed and in particular to the use of feed sup- 
plements in manufacturing animal feed from raw mate- 
rials. 

[0002] Animal feeds typically consist of a mixture of 
materials. For instance a typical feed for poultry is a mix 
of wheat, barley and oats, though the ingredients can 
vary, for instance to use soya bean meal or com, and 
the ingredients and amounts vary for different animals. 
Typically such mixed feeds are supplemented by the ad- 
dition of feed supplements which enhance the feed. For 
instance, an enzyme, which may be synthetic, can be 
added to improve the digestibility of amino acid in the 
feed. Othertypes of feed supplement are known to have 
this effect. Such feed supplements can reduce the ef- 
fects of natural variability in the raw materials from which 
the feed is made or reduce the variability of digestion 
within the animal. Further, they can reduce the overall 
cost of the feedstuff by reducing the amount of high cost 
ingredient which needs to be included. For instance, if 
the digestibility of an amino acid derived from wheat is 
enhanced, then less wheat needs to be included in the 
mix. 

[0003] Typically, mixed feeds are « over-formulated* 
in order that some aspect of the nutritional value of the 
feed can be guaranteed despite the natural variability in 
the raw materials. However, such over-formulation is 
uneconomic and can result in environmental pollution, 
for instance as a result of excess protein content in the 
feed. 

[0004] An important aspect of improving the feedstuff 
is in improving the nature of the final product, for in- 
stance in the case of poultry, the final product may be 
eggs or meat. While improving the quality of the final 
product is important, another important consideration is 
the consistency of the final product. For instance, im- 
proved homogeneity of egg size means that more eggs 
will fall into the categories of highest value (such as 
Grade A Large) which increases the profitability of the 
poultry flock. As another example, improved flock ho- 
mogeneity in meat-type chickens will improve homoge- 
neity when the meat is processed, thus reducing the 
number of cases which are out of specification ranges. 
Similar effects will occur with other animals, such as cat- 
tle (for milk or for meat production), sheep (for meat or 
wool production) or pigs. 

[0005] Thus, according to the present invention there 
is provided a method of formulating an animal feed com- 
prising the steps of: 

(a) analysing the effect of variation in nutritional val- 
ue of an animal feedstuff on the homogeneity of the 
physiological response of animals fed with the feed- 
stuff; 

(b) analysing the effect on the variation in nutritional 
value of the addition of a feed supplement; 



(c) analysing the effect on the cost of the feedstuff 
of the addition of the feed supplement; and 

(d) determining the amount of feed supplement to 
be added to the feedstuff on the basis of the effect 

5 on said homogeneity, of said variation in nutritional 
value, and of the cost of the feedstuff. 

[0006] The present invention provides for improved 
homogeneity in the performance of an animal popula- 
te tion by selectively supplementing a feedstuff for the an- 
imal. In particular, It concerns the selective supplemen- 
tation of ingredients for a feedstuff on the basis of anal- 
ysis of: the variation in the performance of the animals, 
and that part of the variation which is due to diet, the 
is variation in the ingredients forming the animal feed and 
the cost of supplementing them. 
[0007] The invention, therefore, allows oneto analyse 
the cost of feed supplemented by a particular feed sup- 
plement compared with the increased value of the final 

20 product resulting from improved homogeneity in the 
physiological response of the animals in order to formu- 
late a diet with maximum profit One result of the analysis 
may be the determination of whether a particular batch 
of feed should be supplemented by a particular feed 

25 supplement. Present feed formulation systems only 
maximise the cost of the diet with respect to predeter- 
mined nutrient requirements and do not considerthe ho- 
mogeneity of performance as a criteria. 
[0008] The step of analysing the effect of addition of 

30 the feed supplement on the homogeneity of the physio- 
logical response may comprise analysing the relation- 
ship between the digestibility of a nutritional component 
of the animal feedstuff, and the homogeneity of the 
physical response of animals fed with the feedstuff. The 

35 effect of the feed supplement on the digestibility of the 
nutritional component may also be analysed. 
[0009] The nutritional component may be an amino 
acid and the digestibility may be measured as one of: 
the true metabolisable energy, the apparent metabolis- 
able energy, the ileal digestible energy, the digestible 
amino acid content, and the ileal digestible amino acid 
content. The feed supplement may be an enzyme which 
enhances the digestibility of the amino acid or any other 
feedstuff or additive known to improve digestibility and/ 

45 or improve homogeneity including but not limited to vi- 
tamins, growth promoters and probiotics. 
[001 0] The analysis of the cost of feedstuff may take 
into account both the cost of the feed supplement and 
the value or price of the feedstuff after supplementation. 

so [0011] The amount of feed supplement to be added 
may be determined by measuring the nutritional value 
of the feedstuff before addition of the feed supplement 
(i.e. the ingredient/raw material). Where the nutritional 
value is the quantity of digestible amino acid, this quan- 

55 tity may be measured by near infrared spectroscopy 
(NIRS). 

[0012] The amount of feed supplement to be added 
can be varied in a progressive way, or alternatively a 
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substantially constant amount of supplement can either 
be added or not added depending on whether the nutri- 
tional value of the raw material is above or below a 
threshold. If the nutritional value of the raw material is 
below a threshold then the supplement is added. If the 5 
nutritional value is above the threshold, no addition is 
made. 

[0013] The invention can be embodied in a computer 
program which can be used to formulate the animal feed 
and may also control the manufacture of the animal 10 
feedstuff. Thus, the invention extends to a computer 
readable storage medium carrying such a computer pro- 
gram, to a computer system programmed with such a 
program, and to an animal feed manufacturing system 
incorporating the invention. 15 
[001 4] The invention will be further described by way 
of example only with reference to the accompanying 
drawings in which:- 

Figure 1 illustrates an example of the reduction in 20 
the variability of digestible nutrient composition by 
adding enzymes to a feed; 
Figure 2 is a flow diagram illustrating an embodi- 
ment of the present invention; 

Figure 3 illustrates the relationship between the di- 25 
gestibility of the feed and the value of adding an en- 
zyme in an embodiment of the invention; and 
Figure 4 illustrates the decision process in the man- 
ufacture of the feed according to an embodiment of 
the invention. 30 

[0015] The invention will be illustrated by the discus- 
sion of an embodiment relating to feed for poultry, and 
in particularthe improvement of digestibility of such feed 
by the addition of an enzyme. 35 
[0016] Enzymes improve the digestible proportion of 
feed by many mechanisms depending on the enzyme 
variety and the type of feed ration to which it is applied. 
The total amount of nutrient in the feed, however, does 
not change, and this creates an upper bound on the di- 40 
gestibility of a particular batch of feed. Figure 1 is a his- 
togram which illustrates a normal distribution for the av- 
erage digestibility of batches of feed (without any en- 
zyme) and feed after the addition of enzymes. In fact the 
distribution for feed batches in reality need not be nor- 45 
mal. The digestibility of a feedstuff can be defined in dif- 
ferent ways, but a typical way is the amount of digestible 
amino acid present in the feed. Clearly the amount of 
digestible amino acid cannot exceed the total amount of 
the amino acid present, and in fact the maximum digest- so 
ible amount is somewhat below 100% of the total 
amount. This is why, even if enzymes are added to feed- 
stuff to increase the amount of digestible amino acid, 
there is an upper bound on the digestibility. As illustrated 
in Figure 1 , therefore, when enzyme is added to all of ss 
the batches, the distribution of digestibility increases in 
average value, but also decreases in breadth. This re- 
sults in a dietthat is more consistent from batch to batch 



in digestible nutrient composition. The effect of improv- 
ing the consistency in this way is to reduce the variability 
in the physiological response on the animals fed with 
the feedstuff. Thus, this can improve the homogeneity 
in the performance of the animals. For instance, in a typ- 
ical poultry feed the average digestibility may be 85% 
and the coefficient of variation 5%. The appiication of 
enzymes increases the average digestibility to 87%, and 
reduces the coefficient of variation to 4% (a 20% im- 
provement in the coefficient of variation). This improves 
the profitability of the flock and a value can therefore be 
placed on the increase in homogeneity deriving from the 
improved animal feed. This, therefore, has an influence 
on the value of the improved feed, i.e. the price the farm- 
er is prepared to pay. 

[0017] When the variation in the digestibility is re- 
duced by incorporating enzymes in the feedstuff, most 
of the benefit comes from adding the supplement to 
batches of raw material whose digestibility is on the low 
end of the distribution. Thus, by analysing the variation 
in nutritional value of the raw materials and knowing the 
cost of the supplement, the best way of supplementing 
them, to produce the more homogeneous feed at a cost 
less than the price the farmer is prepared to pay, can be 
determined. This technique is exploited in the feed for- 
mulation and manufacturing process of the invention in 
the manner illustrated in Figure 2. 
[001 8] Firstly, the average and variability of the digest- 
ible nutrient composition in the ingredient(s) is detected, 
for instance by NIRS 20 at Step 1 . Then in Steps 2 and 
3 the variance of digestible nutrient intake among the 
flocks, and the effect of that variance on the perform- 
ance of the flock is analysed. This is followed in Step 4 
by a determination of the economic value of reduced 
variance of flock performance. Then the relationship be- 
tween the digestibility of feed ingredients and/or rations 
and the effect of a particular enzyme of that digestibility 
is determined. An example relationship is illustrated in 
Figure 3 which plots the digestibility of batches of the 
raw material against the value of adding enzyme ex- 
pressed as a percentage: 0% being no value obtained 
by adding enzyme and 1 00% being maximum value ob- 
tained. As illustrated in Figure 3 typically there is a max- 
imum value of digestibility above which there is no ben- 
efit in adding enzymes. For instance, very high quality 
raw materials may have a naturally high digestibility and 
there is no benefit to be obtained in adding enzymes to 
them. Typically there also is a minimum value of digest- 
ibility d mini below which the effect of adding enzymes is 
high, but constant. Figure 3 illustrates a simple linear 
relationship in the region between d min and d maxs though 
the function may be non-linear. 

[0019] Between the values of d min and d max a thresh- 
old can be set, d*, which is the value of digestibility be- 
low which the value of enzyme application is greater 
than the cost of applying the enzyme. In other words, 
for batches of raw material which have a digestibility 
close to d max: the cost of applying the enzyme will be 
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greater than the value of the improved feedstuff. How- 
ever, for batches of raw material which have a digesti- 
bility between d* and d mln the cost of adding the enzyme 
will be less than the increased value, 
[0020] Thus, in Figure 2 Step 5 involves the calcula- 
tion of d* and Step 6 involves the formulation of the an- 
imal feed in accordance with the digestibility of the raw 
material and the value of d*. 

[0021] Figure 4 illustrates the overall decision proc- 
ess. Step 40 involves the determination of the functional 
relationship and determination of d*, and also the de- 
velopment of the MRS calibration which allows the 
measurement of digestibility of the incoming raw mate- 
rials. In Step 42 the feed ingredients are screened by 
NIRS and the digestibility of each feed ration batch is 
estimated. The value of digestibility for each batch is 
comparedto the threshold d* in Step 44, and if it is great- 
er than the threshold then the raw material is used with- 
out supplement to formulate the animal feed in Step 46. 
If, however, the value of digestibility is lower than the 
threshold d*, then enzyme is added in Step 48 to in- 
crease the digestibility. The supplemented raw materi- 
als are then used to formulate the animal feed. 
[0022] It should be noted that the nutritional value of 
the raw material may be measured in other ways, and 
the amount of other nutrients, ratherthan the digestibil- 
ity, can be measured. For example, the digestible por- 
tion of dietary energy, called metabolisable energy (ME) 
may be measured using an in-vitro method. The inven- 
tion is also applicable to the supplementation of raw ma- 
terials with other feed supplements, that effect animal 
performance. Furthermore, although the example 
above relates to the measurement of one parameter and 
the addition of one supplement, in a given feedstuff it is 
possible to measure more than one parameter, each be- 
ing enhanceable by the same or a different additive. 



Claims 

1 . A method of formulating an animal feed comprising 
the steps of: 

(a) analysing the effect of variation in nutritional 
value of an animal feedstuff on the homogene- 
ity of the physiological response of animals fed 
with the feedstuff; 

(b) analysing the effect on the variation in nu- 
tritional value of the addition of a feed supple- 
ment; 

(c) analysing the effect on the cost of the feed- 
stuff of the addition of the feed supplement; and 

(d) determining the amount of feed supplement 
to be added to the feedstuff on the basis of the 
effect on said homogeneity, of said variation in 
nutritional value, and of the cost of the feedstuff. 

2. A method according to claim 1 wherein the step of 



analysing the effect of addition of the feed supple- 
ment on the homogeneity of the physiological re- 
sponse comprises: 

5 analysing the relationship between the digest- 

ibility of a nutritional component of the animal 
feedstuff andthe homogeneity of the physiolog- 
ical response of animals fed with the feedstuff; 
and 

to analysing the effect on the digestibility of the 

nutritional component of the feed supplement. 

3. A method according to claim 2 wherein the nutrition- 
al component is an amino acid. 

15 

4. A method according to claim 2 wherein the digest- 
ibility is measured as one of: the true metabolizabie 
energy, the apparent metabolizabie energy, the ileal 
digestible energy, the digestible amino acid content 

20 and the ileal digestible amino acid content. 

5. A method according to claim 2, 3 or 4 wherein the 
feed supplement is an enzyme which enhances the 
digestibility of an amino acid in the feedstuff. 

25 

6. A method according to claim 1 wherein the feed 
supplement is a feed additive that improves digest- 
ibility of the feed and/or animal performance and is 
selected from vitamins, supplemental amino acids, 

30 growth promoters and probiotics. 

7. A method according to any one of the preceding 
claims wherein the analysis of the effect on the cost 
of the feedstuff takes into account the cost of the ■ 

35 feed supplement. 

8. A method according to any one of the preceding 
claims wherein the analysis of the effect on the cost 
of the feedstuff takes into account the value of the 

40 feedstuff supplemented by the feed supplement. 

9. A method according to any one of the preceding 
claims wherein the step of determining the amount 
of feed supplement to be added comprises the step 

45 of determining the nutritional value of the feedstuff 
before addition of .the feed supplement. 

10. A method according to claim 9 wherein the step of 
determining the nutritional value of the feedstuff 

50 comprises measuring the digestibility of a compo- 
nent of the feedstuff by NIRS. 

11. A method according to claim 9 or 10 wherein the 
step of determining the amount of feed supplement 

55 to be added comprises the step of setting a thresh- 
old for the nutritional value of the feedstuff before 
addition of the feed supplement, below which the 
feed supplement is to be added and above which 
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the feed supplement is not to be added. 

12. A method according to claim 9 or 10 wherein the 
step of determining the amount of feed supplement 
to be added comprises preferentially supplement- 
ing low nutritional value feedstuff. 

13. A method according to any one of the preceding 
claims further comprising the step, in accordance 
with the result of the determination, of selectively 
adding the feed supplement 

14. A method according to any one of the preceding 
claims wherein the physiological response is the 
quality, quantity or consistency in the product or 
growth of the animals. 



supplement is one of: an enzyme which enhances 
the digestibility of an amino acid in the feedstuff; a 
growth promoter; and a p rob i otic. 

s 22. A system according to claim 20 or 21 further com- 
prising an analysis device for determining the nutri- 
tional value of the raw material. 

23. A system according to claim 22 wherein the analy- 
se sis device is an NIR spectrometer. 



15. A method according to claim 14 wherein the product 
is eggs, milk or wool. 

20 

16. A method of manufacturing an animal feedstuff 
which includes the step of formulating the feedstuff 
according to the method of any one of the preceding 
claims. 

25 

17. An animal feedstuff manufactured according to the 
method of claim 1 6. 

18. A computer program comprising program code 
means for controlling a computer system to execute 30 
or control the steps of any one of the preceding 
claims. 



19. A computer readable storage medium carrying a 
computer program in accordance with claim 1 8. 35 

20. A system for the manufacture of animal feedstuffs 
by supplementing raw material with feed supple- 
ment comprising: 

40 

a data processor programmed to: analyse the 
effect of variation in the nutritional value of the 
raw material on the homogeneity of the physi- 
ological response of animals fed with the feed- 
stuff; to analyse the effect on the variation in 45 
nutritional value of the raw material of the ad- 
dition of a feed supplement thereto; to analyse 
the effect on the cost of the feedstuff of the ad- 
dition of the feed supplement, and to determine 
the amount of feed supplement to be added to so 
the feedstuff on the basis of the effect on said 
homogeneity, of said variation in nutritional val- 
ue, and of the cost of the feedstuff; and 
a feed supplement supply device for selectively 
adding the feed supplement to the raw material ss 
in the determined amount. 



21. A system according to claim 20 wherein the feed 
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1. Determine the average and variability of digestible 
nutrient composition of the feed with NIRS 




2. Measure the variance or digestible nutrient intake 
among flocks (obtain feed delivery / consumption data)^ 




Eggs or Meat 



3. Relate digestible nutrient intake to performance 
among flocks (obtain grow-out / egg size data). 





4. Determine economic value of reduced variance of flock 
performance. 



3S 



5. Modify the nutrient composition matrix' according to NIRS 
measurements and the feed specifications according to the 
enzyme effe ct on ME and digestible nutrient composition 



i ^- ^ 

6. Formulate diets at least cost while considering the effect of 
enzyme incorporation on nutrient intake and flock 
performance. 
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